Pneumonia is the most frequent hospital infection in patients admitted to intensive care units (ICU) and is also responsible for the highest lethality rates, as well as an increase in both the duration and costs of hospitalization. The objective of this study was to identify predisposing factors for pneumonia. A prospective cohort study was carried out between June 1996 and June 1997, and included 540 patients admitted consecutively for periods greater than 24 hours to the adult ICU of the Londrina State University's Teaching Hospital. Of these, 83 (15.4%) developed pneumonia. All patients were analyzed with respect to various risk factors for hospital-acquired pneumonia. Univariate analysis identified the following factors: decreased level of consciousness, craniotomy, prior use of antibiotics, mechanical ventilation, nasogastric tube feeding, enteral feeding, aspiration of gastric contents, central venous catheter and the time spent in the ICU. Multivariate analysis identified four risk factors for pneumonia in the ICU: tracheotomy (RR = 1.09; 95%CI = 1.04-1.17), nasogastric tube feeding (RR = 1.11; 95%CI = 1.05-1.18), H2-blocker use (RR = 1.09; 95%CI = 1.05-1.14) and decreased level of consciousness (RR = 2.67; 95%CI = 1.43-5.04). In 56.6% of patients, pneumonia occurred within the first four days following ICU admission. The risk factors identified were all necessary for the treatment of the patient except for decreased level of consciousness, either present at admission or occurring during hospitalization due to deterioration in the clinical condition of the patient or to the use of sedatives.
Hospital infections are one of the most important issues in public health today, and have been aggravated over the past ten years by the emergence of various multiresistant microorganisms such as glycopeptide-resistant staphylococci and enterococci, and carbapenems-resistant Pseudomonas aeruginosa and Acinetobacter baumannii. These infections are among the main causes of in-hospital morbidity and mortality, and result in a significant increase in the mean duration of hospitalization and consequently in higher cost [1] .
Hospital-acquired pneumonia occurs at a general rate of 6%; however, in ICUs this rate varies from 10 to 65% with a mortality rate of 20-70% [2] .
Although all patients hospitalized in ICUs benefit from greater surveillance and more intense medical care, they are also submitted to a greater number of invasive procedures such as venous and urinary catheters, as well as tubes for feeding and mechanical ventilation. These procedures lead to a 5 to 10-fold increase in the incidence of hospital infections and a longer period of hospitalization in the ICU [3] .
Various factors predispose the patient to the risk of hospital-acquired pneumonia, and early detection of such factors may alter the focus given to the care of these patients, particularly those at greater risk of developing pneumonia. Among these factors, the individual conditions of the patient should be taken into consideration, such as advanced age, basic diseases, chronic and immunodepressive diseases, abdominal and thoracic surgery, aspiration of gastric contents and therapeutic measures frequently used in patients in the ICU such as antimicrobial medication, endotracheal intubation, vascular catheters, nasogastric tubes, H2-blockers and enteral feeding. It is important to emphasize that the duration of stay in the ICU and the duration of the procedures are also related to an increase in the occurrence of this infection [4] .
Detection of these factors may increase the awareness of the health professionals to the fact that high technology and investment are not always necessary to prevent hospitalacquired pneumonia, since simple routine measures may be implemented for this prevention [5] .
The objective of this contemporary cohort study was to evaluate the risk factors for the development of pneumonias in patients admitted to an adult intensive care unit of the State University of Londrina's Teaching Hospital.
Materials and Methods
This study was carried out at the Teaching Hospital of the State University of Londrina, which has a total of 284 beds including general wards, and neonatal, pediatric and adult ICUs. The adult ICU has two wings (I and II) with a total of 17 beds, where clinical and surgical patients from all sectors of the hospital and from other hospitals in the catchment area receive care. A mean of 98.8 patients are admitted monthly for a mean duration of 6.07 days.
The population evaluated consisted of patients admitted to the adult ICU of the university teaching hospital. The study sample consisted of 540 adult patients admitted consecutively to the ICU between June 1996 and June 1997, who remained in the unit for more than 24 hours. Data were collected concerning identification, diagnosis at admission to the ICU, epidemiology, invasive therapeutic procedures, use of medication and preexistent morbid conditions. All patients were evaluated prospectively until reaching one of the study end-points, which were defined as: development of pneumonia, transfer to another department of the hospital, discharge from hospital or death. The patients transferred to another department were followed up for further 48 hours. All patients were submitted to clinical and radiological evaluation at the time of admission to the ICU and thereafter daily during the time they remained in the unit and up to 48 hours following their transfer to another department of the hospital. Clinical data evaluated comprised:
• The presence and duration of use of tracheal tube, respirator, tracheotomy, nebulization with bronchodilator, central venous catheter, urethral catheter, nasogastric tube, enteral feeding and intracranial pressure monitor.
• Aspiration of gastric contents.
• Surgery and the potential for contamination.
• Use and duration of use of corticosteroids, antimicrobial medication, H2-blockers or antacids.
• Presence of concomitant diseases: prior infections, renal failure, liver failure, heart failure, chronic pulmonary disease, neurological dysfunction, diabetes mellitus and obesity.
Definitions Hospital-acquired pneumonia was defined according to the clinical/radiological criteria for the diagnosis of hospitalacquired pneumonia established by the Centers for Disease Control and Prevention (CDC) [6] .
Statistical Analysis
The data were collected according to the standardized protocol and analyzed initially using the Epi-Info program, version 6.02 (October 1994), developed by the US Department of Health and Human Services, Public Health Service, Centers for Disease Control and Prevention.
Descriptive statistical analysis included means, standard deviations, confidence intervals for proportions and distributions of the frequencies of variables in the form of tables and graphs.
Initially, a bivariate analysis was carried out on the probable risk factors and the end-point of hospital-acquired pneumonia using the chi-square test. Next, the probable risk factors for hospital-acquired pneumonia were analyzed independently using the stepwise method in the multivariate logistic regression analysis. The risk factors analyzed were the presence of: endotracheal tube, mechanical ventilation, tracheotomy, nasogastric tube, enteral feeding, central venous catheter, surgeries, preexistent clinical conditions (infections, kidney failure, liver failure, heart failure, chronic pulmonary disease, coma, diabetes mellitus and obesity) and the use of corticoids, antimicrobial medication and H2-blockers.
Significance was established as 5% (p<0.05). Results are presented as p-values and relative risks with a 95% confidence interval.
Descriptive statistical analysis, chi-square test and logistic regression were calculated using the Statistical Analysis System (SAS) software package (SAS Institute, Inc., Cary, North Carolina, USA). The Kaplan-Meier survival curve was calculated to evaluate the time of onset of pneumonia in relation to the risk factor.
Results
In this cohort of 540 patients, 83 patients developed pneumonia in the ICU at least 48 hours following admission, with an accumulated incidence of 15.4% and density rate of 20 cases of pneumonia per 1,000 patient-days. Of these patients, 322 (59.6%) were male and 218 (40.4%) female. A similar distribution was found in the patients who developed pneumonia during the follow-up period. The majority of cases of pneumonia (56.6%) occurred in the first four days following admission to the ICU.
All the probable risk factors submitted to the bivariate analysis are listed in Table 1 together with the respective p-values, relative risk (RR) and 95% confidence interval. In this analysis, the following significant risk factors were identified: craniotomy (RR = 2.27; 95%CI = 1.34-3.87), With respect to the time that the patient spent in the ICU, relative risks for a duration of 6-10 days and >10 days were, respectively, 4.55 and 11.40 and these risk values were also statistically significant. The duration of hospitalization prior to admission to the ICU, classified as ≤ 10 days or > 10 days, was not significant in patients with or without pneumonia.
For the multivariate logistic regression analysis, the stepwise method was used to select the following factors: duration of stay in the ICU, tracheotomy, H2-blockers, nasogastric tube, decreased level of consciousness, heart failure, craniotomy and abdominal surgery. In the analysis of the logistic regression model, the variables whose relative risks were statistically significant, and therefore could be considered to be independent risk factors for the development of pneumonia in patients admitted to the ICU, were: tracheotomy (RR = 1.09; 95%CI = 1.04-1.17), use of nasogastric tube (RR = 1.11; 95%CI = 1.04-1.18), use of H2-blockers (RR = 1.09; 95%CI = 1.05-1.14) and decreased level of consciousness (RR = 2.67; 95%CI = 1.43-5.04), (Table 2) . Figures 1, 2, 3 and 4 illustrate the accumulated probability of patients with or without tracheotomy, nasogastric tube, decreased level of consciousness and H2-blocker, respectively, not to develop pneumonia in relation to time spent in the ICU (Kaplan-Meier). 
Discussion
In the period from June 1996 to June 1997, the accumulated incidence and density rates of pneumonia at the university teaching hospital were 15.4% and 20 cases of pneumonia per 1,000 patient-days, respectively. Pneumonia was the most common infection in this unit according to the data in the report issued by the institution's Commission for the Control of Hospital Infection. The rate of pneumonia in ICUs may be 10 to 20-fold that found in other departments of the same hospital.
The identification of patients at risk for developing infection is the first step in implementing a surveillance program for hospital-acquired infection. Prior knowledge of potential risk factors for these infections permits implementation of preventive The risk factors for the development of hospital-acquired pneumonia have been studied using various methodologies that range from a simple descriptive analysis to statistical methods of univariate or multivariate analysis. The principal variables identified as potential risk factors for this hospital infection are: advanced age, changes in cough reflex sensitivity, aspiration of gastric contents, endotracheal intubation, coma, use of intracranial pressure monitor, use of mechanical ventilation and type of ventilation (use of PEEP, for example), use of antacids or H2-blockers, presence of nasogastric tube, tracheotomy, ethylism, enteral feeding, prior use of antimicrobial medication, central nervous system depressants, neurological, thoracic or upper abdominal surgeries, hypoalbuminemia, neuromuscular diseases, chronic obstructive pulmonary disease, bronchoscopy and change of respiratory circuits at intervals of less than 24 hours. The reported incidence of pneumonia in patients on mechanical ventilation may vary between 4 and 45%. Chevret et al. [7] evaluated patients submitted to mechanical ventilation and reported a risk 3.8 times greater of developing pneumonia compared to patients who were not submitted to this procedure. Cunnion et al. [8] analyzed patients admitted to a surgical ICU and observed that these patients had a greater risk of developing pneumonia compared to control patients. These authors also reported that the presence of mechanical ventilation for a period greater than 24 hours increased 12 times the risk of pneumonia compared to patients not artificially ventilated.
Agents that increase gastric pH also increase the risk of developing pneumonia in patients submitted to mechanical ventilation. The risk of using antacids and H2-blockers for the development of pneumonia in hospitalized patients has been analyzed in various studies. Donowitz et al. [9] carried out semiquantitative cultures in the gastric fluid of 153 patients in use of cimetidine or antacids. In 47% of these patients there was a growth of Gram-negative bacilli, while in patients with gastric pH < 4, cultures were sterile. A metaanalysis carried out by Messori et al. [10] concluded that ranitidine is ineffective in preventing gastrointestinal bleeding and increases the risk of pneumonia.
Driks et al. [11] evaluated patients submitted to mechanical ventilation and observed a two-fold rate of pneumonia in the group receiving H2-blockers compared to patients using sucralfate. Nevertheless, Markowicz et al. [12] identified the use and duration of use of sucralfate as a risk factor for pneumonia in patients on mechanical ventilation.
The presence of a nasogastric tube encourages gastroesophageal reflux and the consequent aspiration of gastric contents to the lungs, propitiating the installation of pneumonia. The development of pneumonia is associated not only with the presence of nasogastric tube feeding, but the caliber of this device, the infusion of feeding and the position of the patient in the bed are also related to the genesis of this infection [13] . In patients with a decreased level of consciousness, conditions are created that encourage the aspiration of germs to the lower airways, causing pneumonia. In a study using multivariate analyses, Akca et al. [1] identified a decrease in the level of consciousness (OR = 3.9) and the aspiration of large volumes (OR = 12.7) among other factors responsible for hospital-acquired pneumonia.
The risk of pneumonia associated with tracheotomy is the result of aspiration that may occur in the patient. Even when invisible, "silent" aspiration is frequent and represents a risk for the development of pneumonia [14] . Up to 50% of aspirations in patients with tracheotomy are "silent" and advanced age increases the risk of this occurrence. When tracheotomy is carried out early, the time of mechanical ventilation may be shortened and the incidence of pneumonia reduced. However, Georges et al. [15] suggest that tracheotomy should be postponed in patients on mechanical ventilation and with bronchial colonization to prevent early pneumonia.
The risk factors detected in this study for the development of pneumonia in patients hospitalized in ICUs (tracheotomy, nasogastric tube feeding, use of H2-blockers and decreased level of consciousness) are considered exogenous factors, i.e. they are all, except for decreased level of consciousness, a result of the need for therapeutic interventions. Implementation of control measures for these factors may reduce the risk of pneumonia in patients hospitalized in ICUs.
The results of this study suggest that the routine use of H2-blockers in patients admitted to ICUs should be the subject of review. When there is a real need for prophylaxis of gastrointestinal bleeding, it may be preferable to use sucralfate since this agent does not alter gastric pH.
In addition to these observations, it is important to emphasize that simple measures such as hand washing, ensuring that patients are kept in an appropriate position in bed, less frequent change of respiratory circuits (48 hours to 7 days) and the rational use of antibiotics and central nervous system depressants are low-cost and extremely effective in preventing pneumonia in hospitalized patients.
